Researchers have been looking for alternatives of expensive conventional accelerometers in vibration measurements. Micro-ElectroMechanical Systems (MEMS) accelerometer is one of the available options. Here the performance of one of these MEMS accelerometers compared with a well known commercial accelerometer.
Introduction
Condition based monitoring is now accepted practice for critical machines and structures for Industries to enhance availability, low maintenance costs and plant safety. Often, the decisions regarding the repair or replacement of a machine part, overhauls, and standard maintenance are made on the basis of the measured condition of the machine. One such monitoring technique is vibration based condition monitoring. Measuring vibration is very essential in detecting and diagnosing any deviation from normal conditions. The use of conventional piezoelectric accelerometers in vibration measurements is well known and accepted, but at high cost especially if simultaneous multiple data collection points are required; this is mainly because of their cost and the price of the associated electronic signal conditioning circuits.
The recent advances in embedded system technologies such as micro-electrical mechanical systems (MEMS) sensors hold a great promise for the future of vibration measurement based condition monitoring which is a much cheaper alternative. It has built-in signal conditioning unit as well. The cost of MEMS accelerometer may be just 10% or less compared to the commercially available cheapest conventional accelerometer together with the signal condition unit. There are number of research studies in the literature [1] [2] [3] [4] [5] [6] [7] [8] about the MEMS accelerometers construction and the measurement principle.
The use of the MEMS accelerometers is still limited to testing stage in the laboratory experiments. Thanagasundram and Schlindwein [9] have used the MEMS accelerometer together with a conventional accelerometer for measuring the vibration of a pump during its normal operation. They [9] found the frequency content from both sensors were in agreement. However no rigorous investigation has been done to compare the performance of this MEMS accelerometer which is required to measure the different kinds of signalssinusoidal, random, and impulsive signals [10] . Hence the performance of one of these MEMS accelerometers compared with a well known commercial accelerometer used for years together which are discussed here through a simple test facility.
MEMS Accelerometer
MEMS accelerometers are divided into two main types: peizoresistive and capacitive based accelerometers [8] . The conventional piezoelectric accelerometers generally consist of a single-degree of freedom system of a mass suspended by a spring. Here in piezoresistive MEMS Accelerometer also, it has a cantilever beam having a proof mass at the beam tip and a peizoresistive patch on the beam web. The schematic of a peizoresistive MEMS accelerometer is shown in Figure 1 (a). The movement of the proof mass when subjected to vibration changes the resistance of the embedded piezoresistor.
The electric signal generated from the piezoresistive patch due to change in resistance is proportional to the acceleration of the vibrating object. The capacitive based MEMS accelerometers measure changes of the capacitance between a proof mass and a fixed conductive electrode separated by a narrow gap [8] . The schematic of a capacitive MEMS accelerometer is shown in Figure 1(b) . The papers [1] [2] [3] [4] [5] [6] [7] [8] gave the details of the working principle and so not discussed here.
Test Setup
A schematic of the Test setup is shown in Figure 2 . The setup consists of a small shaker (M/s GW make) together with a shaker power amplifier, signal generator and a PC based data acquisition for data collection and storage for further signal processing in MatLab.
Two accelerometers (one PCB accelerometer and other capacitive type MEMS accelerometer) were attached back to back on the armature attached to the shaker as shown in Figure 2 
Testing and Results
As it is well known that the accelerometers are used for measuring the periodic (sinusoidal, step-sine, multi-sine, etc.), random and impulsive signals [10] , hence these tests were carried out on the Test setup and results were compared.
Periodic Excitation
Sinusoidal signals were given to the shaker at two frequencies -66Hz and 157Hz deliberately away from the line frequency of 50Hz and its harmonics. Number of experiments was performed at these two frequencies with different amplitude levels of shaker excitation and simultaneously responses were measured from both accelerometers. However there is significant shift in phase and the sensitivity compared to the reference accelerometer. In fact the estimated sensitivity based on reference accelerometer seems to be varying from 38mV/g to 69mV/g and phase shift is also not constant with respect to the reference accelerometer responses which are clearing seen in the time response plots in Figures 3, 4 and 5.
Random Excitation
Similar to the sinusoidal tests; the shaker was excited with random excitation in a frequency band from 10Hz to1.5 kHz with different amplitudes. Typical responses of both accelerometers in time and frequency domains are shown in Figure 6 . Both accelerometers responses look to be identical in time and frequency domains, but here again the estimated sensitivity found to be 225mV/g though it is close to the design value of the sensitivity for this MEMS accelerometer but much different than the estimated sensitivity during the sinusoidal tests.
To determine the linearity in the measurement over the frequency band of excitation and phase shift, the frequency response function (FRF-the transfer function in frequency domain) has also been calculated assuming the responses of the MEMS accelerometer as the output and the reference accelerometer responses as the input. Both the amplitude and phase FRF plots are shown in Figure 7 . Although the response spectra shown in Figure   10 looks to be identical but the amplitude deviation between two accelerometers is found to be approximately upto -20dB at some frequencies and the phase shift of 180 degree upto around 100Hz and then the shift is approximately linear from 180 degree at 100Hz to zero degree at 1.5kHz.
Impulsive Excitation
In the same experimental setup, the impact excitation was given at the centre of the armature using a soft tip hammer within the frequency band of excitation up to 400-500Hz. Typical time domain responses of both accelerometers are shown in Figure 8 .
The measured responses are typically decay type responses as expected for the impact excitation by both accelerometers with maximum amplitude level of 0.6g. However the estimated sensitivity once again found to be 155.9mV/g which is different than earlier estimated values and the fast decay in the response seen in the MEMS accelerometer compared to the reference accelerometer. To understand this typical behaviour of the MEMS accelerometer, the averaged spectra of the 3 decay responses were computed for both accelerometers and compared which is shown in Figure 8 . The presence of the frequency peaks is consistent in both responses, however the peaks amplitudes are much different. Since the MEMS accelerometer introduces the phase shift known from previous tests, so these phase shift at different frequencies might be resulted into the fast decay in the measured responses compared to the reference accelerometer.
Further Analysis
In vibration analysis, the ordinary coherence between two vibration signals is defined as Figure   9 shows the coherence plots for the random and impact tests. Generally coherences are above 0.8 at many frequencies indicating good relation between two signals, but also low at several other frequencies. Hence this indicates the measurements by the MEMS accelerometer used in the present study deviate compared to the reference accelerometer.
Comments
The performance tests of a typical capacitive type MEMS accelerometer are carried out for different excitations -sinusoidal, random and impulse. The measured responses of the MEMS accelerometer were compared with a well accepted ICP type accelerometer. All tests were conducted well within the technical specifications of both accelerometers. The MEMS accelerometer is seems to be performing well for the sinusoidal and random measurements though shift in phase is observed, and the frequency peaks content is also found to be same in comparison with the conventional accelerometer for the impact excitation. However the tests performed here clearly show lots of improvement needed before its use in practice. It is being planed to carry out more investigation with several numbers of the MEMS accelerometers to understand the future direction for improvements. 
